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The crystal and molecular structure of p-methazo-bis( tricarbonyliron), [CH3NFe( CO),] 2 r  has been determined by a single- 
crystal X-ray analysis. This compound crystallizes in space group C2h2-P21/m of the monoclinic crystal system with two 
dimeric molecules in a unit cell of dimensions a = 7.326 (8) d, b = 13.090 (14) I%, c = 6.913 (8) I%, and p = 96" 44' (1'). 
Observed and calculated densities are 1.66 ( 2 )  and 1.70 g/cm3, respectively. Full-matrix anisotropic least-squares refine- 
ment of 659 independent counter data yielded a final conventional R factor of 2.8%. The dimeric [CHaNFe(CO)s]* mole- 
cule contains two Fe( CO)S groups related by a crystallographic mirror plane and doubly bridged through the nitrogen atoms 
of the HsC-N-N-CHS ligand. The two bridging nitrogen 
atoms are bonded to each other at a distance of 1.366 (8) A, resulting in an acute N-Fe-N angle of 42.7 (2)'. Other molecu- 
lar parameters which differ significantly from thoseaof related nitrogen-bridged iron carbonyl derivatives include the Fe-Fe 
and mean Fe-N distances of 2.496 (3) and 1.878 (3) A, respectively. 

The over-all molecular tymmetry is approximately C ~ 2 m m .  

Introduction 
The reactions of azobenzene4 and azomethane5 with 

diiron enneacarbonyl both yield binuclear complexes of 
chemical composition RzN2Fez(C0)6 (R = &HE,, CH3). 
A crystal structure analysis of the product of the azo- 
benzene reaction has shown that in its formation the 
azo linkage is ruptured and that the complexed ligand is 
present in a form based upon an o-semidine skeleton.6 
On the basis of ir, nmr, and mass spectral data, it  has 
been proposed5 that in the methyl compound the nitro- 
gen-nitrogen bond is maintained, yielding a structure 
(I) analogous to that of the sulfur-bridged dimer 

I 

[SFe(CO)3]2.7 A similar structure had previously been 
proposed7 for the complex obtained by Hieber and 
Buetner from the reaction of Fe(C0)42- with nitrite 
ion or hydroxylamine and formulated by them as 
[HNFe(C0)3]2.8 Recently, however, it  has been shown 
independently by two groupsgJO that this compound is 
in fact [H2NFe(C0)3]2 and that it contains two bridging 
amido ligands with no N-N bond. 

The proposed structure I for [CHaNFe(C0)3I2 is a 
unique one in that previous structural studies of a 
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variety of products obtained from reactions of iron 
carbonyls with organonitrogen ligands containing 
nitrogen-nitrogen bonds2j6' I 1 - l 5  have revealed no cases 
of two nitrogen atoms being directly bonded to each 
other and both participating in Fe-N bonds. In most 
instances the nitrogen-nitrogen bond is broken, and in a 
few cases it is maintained with coordination of only one 
nitrogen atom to the metal. The structural analysis of 
[CH3NFe(CO)s]z was carried out in order to determine 
the mode of coordination of the azo ligand and to pro- 
vide further detailed stereochemical data on nitrogen- 
bridged iron carbonyls. 

Collection and Reduction of the Intensity Data 
Crystals of [CH3NFe(C0)3]2, prepared from azo- 

methane and diiron enneacarbonyl, were kindly sup- 
plied by Dr. G. R. Knox of the University of Strath- 
Clyde. Preliminary X-ray photographic examination of 
several of the orange prismatic crystals revealed the 
presence of monoclinic symmetry. Lattice parameters 
were obtained by the least-squares refinement of the 
setting angles of 13 reflections which had been accu- 
rately centered on a Picker four-circle X-ray diffractom- 
eter. A takeoff angle of 0.7' was employed through- 
out the centering process. The unit cell constants 
(temperature 23", X(Mo K a l )  0.70930 8) obtained in 
this manner are: a = 7.326 (8) 8, b = 13.090 (14) A,  
c = 6.913 (8) 8, and (3 = 96" 44' (1'). The standard 
deviations in parentheses are those from the least- 
squares refinement of the setting angles. A density of 
1.70 g/cm3 is calculated on the basis of two dimers per 
unit cell; this is in satisfactory agreement with the 
experimental density of 1.66 (2) g/cm3, observed by 
flotation in aqueous zinc bromide solution. The only 
systematic absence observed on hkO, hk l ,  h01, and hll 
precession photographs and a Okl Weissenberg photo- 
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graph was that of 0k0 reflections for k odd. This single 
absence is consistent with either space group C22-P21 or 
Czh2-P21/m. The former space group imposes no sym- 
metry on the [CH3NFe(CO)a]z molecule, while the 
centrosymmetric space group P21/m requires the dimer 
to contain either a mirror plane or a center of sym- 
metry. The proposed configuration was one which 
could well have one or two mirror planes, but could not, 
in the absence of disorder, contain a molecular center 
of symmetry. 

The crystal used for the collection of intensity data 
was a prism of length 0.39 mm and a nearly square cross 
section measuring 0.20 X 0.19 mm. It was mounted 
in a thin-walled glass capillary roughly parallel to its 
longest dimension and mounted on the diffractometer 
with a* approximately coinciding with the 4 axis. 
Procedures previously described in detailIb were used 
for the collection of intensity data on the Picker auto- 
matic diffractometer. The diffracted beam was filtered 
through 3.0-mil Nb foil. The counter aperture, 4 mm 
high by 6 mm wide, was positioned 29.5 cm from the 
crystal. Data were collected by the 8-28 scan tech- 
nique, with a symmetric scan range of 1 0  9' in 28 
from the calculated scattering angle employed for all 
reflections. The takeoff angle was 1.2'. The scan 
rate was l.O"/min, and background counts of 10 sec 
were taken at each end of the scan. Copper foil at- 
tenuators were automatically inserted in the path of the 
diffracted beam whenever the counting rate exceeded 
-7000 counts/sec. Attenuation was required only 
for the eight strongest reflections. Three standard 
reflections, monitored a t  regular intervals throughout 
the period of data collection, shomed no variations in 
intensity beyond those expected from counting statis- 
tics. The intensities of a total of 659 independent re- 
flections with 8 < 20' mere measured. Beyond this 
value of the Bragg angle, the proportion of nonzero in- 
tensities became very small. 

(16) I?. W. R. Corfield, R. J. Doedens, and J. A. Ibers, 17zo1.g. Cheiiz., 6 ,  197 
(1967); I<. J. Doedens and J. A. Ibers, ib id . ,  6, 204 (1967). 

Processing of the data was carried out by use of pre- 
viously described rnethods.IG In estimation of the 
standard deviations of the individual intensities, a 
value of 0.04 was used for the factor 9, which determines 
the minimum value of u(I)/I in the absence of any 
contribution from counting statistics. Of the 659 data 
collected, 518 had intensities above background by three 
or more standard deviations. Correction of the ob- 
served intensities for absorption was made; the cal- 
culated transmission factors, based on a linear absorp- 
tion coefficient of 22.2 cin-I, varied from 0.68 to 0.73. 

In  addition to the independent data, the hEl reflec- 
tions with 8 < 20" were also collected in order to deter- 
mine whether any systematic differences in intensity 
between the hkl and hgl data existed as a result of anom- 
alous dispersion by the iron atoms in a noncentro- 
symmetric crystal structure. S o  such differences mere 
observed, and hence the centrosymmetric space group 
P2Jm was judged to be the most probable one. 

Solution and Refinement of the Structure 
A three-dimensional Patterson function had as its 

most prominent feature a vector of length -2.5 A 
parallel t o  the b axis. This vector, assumed to be an 
intramolecular iron-iron vector, lent further support to 
the choice of P21/m as the most probable space group 
and identified the required molecular symmetry ele- 
ment as a mirror plane perpendicular to the iron-iron 
vector. Least-squares refinement of the trial iron co- 
ordinates derived from the Patterson map, together 
n-ith a scale factor and an isotropic temperature factor, 
yielded discrepancy factors XI = 1008 ~Fol - lFcll/ 
Z'FoI = 33.874 and R2 = 10O[Zw( F,I -  IF^')^^/ 
8w F o ~ 2 ] " z  = 40.7%. Coordinates of the ten remain- 
ing independent nonhydrogen atoms were obtained from 
a difference Fourier map, and least-squares refinement 
of positional and isotropic thermal parameters of these 
atoms converged to discrepancy factors Iil = 7.17, and 
R2 = 9.5yG. In this and all subsequent refinements, 
only the 518 independent data with Po2 3 3u(Fo2)  
were utilized. Two further least-squares cycles with 
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TABLE I1 
ATOMIC POSITIONAL AND THERMAL PARAMETERS FOR [CHaNFe(CO),]p 

Atoms 5 Y 2 1 0 4 1 3 ~ ~ ~  104 ozl lOal3as 104plJ 10‘1319 10413ra 

Fe 0.23097 (9) 0.15464 (5) -0.19225 (10) 216 (2) 68 (1) 246 (2) -2 (1) 17(1)  -611) 
c1 0.3458 (9) 0.0365(5) -0.2214 (9) 366 (18) 91 (5) 338(19) 26 (9) -95 (14) -23 19) 
0 1  0.4202 (8) -0.0393 (4) -0.2385 (8) 604 (19) 104 (4) 635 (20) 108 (7) -207 (15) -87 (7) 
CO 0.1459 (9) 0.1272 (5) 0.0323 (11) 369 (18) 106 (6) 342 (20) -64 (8) 36 (15) 2 (8) 
0 2  0.0932 (8) 0.1107 (5) 0.1775 (8) 705 (21) 213 (7) 377 (16) -152 (10) 179 (16) 39 (8) 
c3 0.0233 19) 0.1263 (4) -0.3390 (9) 227 (14) 81 (5) 342 (17) 7 (7) 43 (13) -16 (7) 
0% -0.1119 (6) 0.1089 (4) -0.4345 (7) 247 (10) 136 (5) 499 (16) 4 ( 6 )  -35(11) -68(7)  
N1 0.3544 (7) ‘/4 -0.3317 (9) 167 (12) 90 (5) 224(17) 0 49 (12) 0 
N:! 0.4225 (7) ‘/4 -0.1391 (8) 170 (14) 83 (5) 215 (16) 0 -5  (12) 0 
C4 0.4724(11) ‘/4 -0.4912 (12) 244 (20) 161 (11) 279 (24) 0 70 (18) 0 
C5 0.6210 (10) 1/4 -0.0719 (12) 203 (19) 130 (8) 305 (23) 0 -9 (17) 0 
HiC4 0.3966 1/4 -0.6217 c 
HzC4 0.5556 0.3124 -0.4842 C 

HiCj 0.6428 ‘/4 0.0743 c 
HzCs 0.6800 0.1876 -0.1219 c 

a Alumbers in parentheses in all tables and in the text are estimated standard deviations in the least significant figures. I ,  The form of 
Hydrogen atoms were assigned isotropic the anisotropic thermal ellipsoid is exp[-(hZh1 f k Z b z  4- lz6Z3 f 2hkP1~ + 2hZ& + 2kZ&)]. 

thermal parameters of 7.0 A*. 

anisotropic thermal parameters assigned to all non- 
hydrogen atoms further reduced R 1  and Rz to 3.8 and 
5.7%, respectively. At this stage a difference Fourier 
map was calcurated, on which the maximum peak height 
was 0.6 e-/B3. This may be compared with a peak 
height range 3.8-5.6 e-/A3 observed for carbon atoms 
on the previous difference map. Four of the positive 
peaks on the final difference Fourier map, ranging in 
height from 0.27 to 0.41 e-/A3, were a t  plausible loca- 
tions for methyl hydrogen atoms, as determined by cal- 
culation of the hydrogen atom positions for “ideal” 
methyl groups (C-H = 1.00 A ;  LH-C-H = 109.5’) 
centered a t  C4 and CS as a function of rotation angle 
about the N-C bond. These methyl hydrogen atoms 
were included as fixed atoms in the next three cycles of 
least-squares refinement, during which the R factors were 
significantly reduced to their final values of Rl = 2.8% 
and RZ = 3.491,. In the final cycle, the largest relative 
change in a positional parameter was 0.8 standard 
deviation, and no parameter shifted by more than 1.3 
standard deviations. 

Final values of the observed and calculated structure 
factors are listed in Table I. The four strongest reflec- 
tions (101, 011, 110, 101) all have calculated structure 
factors which are -10% below the corresponding F, 
values. This systematic discrepancy could arise from 
a variety of causes, including inadequacies in scattering 
factors, thermal parameters, hydrogen atom parame- 
ters, or treatment of background for these reflections. 
This problem was not pursued further. The nature of 
these discrepancies suggests that secondary extinction 
is Rot a problem in this structural analysis. Data with 
FO2 6 3a(FO2) are not included in Table I ;  a structure 
factor calculation for these data was carried out, and, 
with the exception of one reflection (221) which had 
been misset, none of them had FG2 > 5u(Fo2).  Final 
atomic positional and thermal parameters are tabulated 
in Table 11, principal root-mean-square amplitudes of 
thermal motion are given in Table 111, and intramolec- 
ular distances and angles are presented in Tables I V  
and V, respectively. In all cases, standard deviations 

TABLE I11 
PRINCIPAL ROOT-MEAN-SQUARE A~PLITUDES 

OF THERMAL VIBRATION (A) 
Max Intermed Min 

0.234 (1) 0.250 ( 1) 0.243 (1) 
0.368 (8) 0.272 (8) 0.240 (8) 
0.514 (7) 0.307 (6)  0,248 (6)  
0,357 (8) 0.286 (8) 0.253(8) ’ 
0.510 (7)  0.370 (7) 0.245 (7)  

0.262 (8) 0.241(8) 0.291 (7) 
0 .a93 (6)  0.305(6) 0.247 (6)  
0.280 (8) 0.237 (9)  0.201(8) 
0.268 (8) 0.238 (8) 0.204 (9)  
0.373 (13) 0.274 (11) 0.234 (12) 

0.226 (12) 0.336 (10) 0.280 (10) 

TABLE IV 

NONBONDED CONTACTS (A)  
2.496 (3)  Ni-Nz 1.366(8)  Fe-Fe’a 

Fe-NI 1.873 (4)  NI -C~  1.478 (9) 
Fe-Ng 1 ,882 (4)  h’z-C$ 1.474 (9) 
Mean Fe-N 1.878 (3)  Mean N-C 1.476 (6) 
Fe-CI 1.783 (7) CI-01 1.146 (7)  
Fe-Cz 1.776 (8) Cz-02 1.137 (7) 
Fe-C, 1.767 (7)  c 3 - 0 3  1.147 (6)  
Mean Fe-C 1.775 ( 4 )  Mean C-0 1.143 (4)  
CI .**C2 2.689 (10) NI .  .CI 2.900 (8) 
cl’“c3 2.679(9)  Ni . . .C3 2.913(8) 
Cz...Ca 2.618 ( 10) Nz . . * CI 2.894 (7) 

h ’ z . .  .cz 2.943 (9)  

BOND LENGTHS AND SELECTED INTRAMOLECULAR 

a Primes refer t o  atoms related to those in the asymmetric 
unit by the crystallographic mirror plane. 

were estimated from the full inverse matrix of the 
normal equations and hence include interatomic corre- 
lation effects. 

Throughout the refinement, weights of the observed 
structure amplitudes were taken as w = 4FO2/u2(Fo2) 
and the function minimized was & L ~ ( I F ~ I  - 
The final value of the standard deviation of an observa- 
tion of unit weight was 1.35. The scattering factors 
for Fe, C, N, and 0 tabulated by Ibers” and those for 

(17) J. A. Ibers in “International Tables for X-Ray Crystallography,” 
Vol. 3, The Kynoch Press, Birmingham, England, 1Y62. 
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Figure 1.-The molecular structure of [CH~liFe(C0)812, pro- 
jected down the direction defined by the X-N and Fe-Fe mid- 
points. The crystallographic b axis is parallel to the Fe-Fe 
vector. The ellipsoids enclose 505% of the probability distribu- 
tion, with the exception that the methyl hydrogen a t o m  have 
been assigned artificially low thermal parametas for clarity. 

Fe'-Fe-S1 
Fe'-Fe-Sz 
Fe'-Fe-C1 
Fe'-Fe-Cp 
Fe'-Fe-Ca 
Sl-Fe-S2 
SI-Fe-C1 
NL-Fe-Cz 
N1-Fe-Cs 
X2-Fe-C1 
S2-Fe-Cz 
N2-Fe-C3 
C1-Fe-CB 
C1-Fe-G 
'2%-Fe-C3 

TABLE Y 
BOXD AKGLES ( DEG) 

48 2 (1) Fe-SI-Fe' 
48 4 ( l )  Fe-XI-S? 

150 2 ( 2 )  FeeX1-G 
101 ' T ( 2 )  X*-S,-C4 
102.1 (2)  
42 i ( 2 )  Fe-Xa-Fe' 

104.9 (3) Fe-Sa-K1 
145 6 ( 3 )  Fe-Xz-C, 

104 3 ( 3 )  
107 l ( 3 )  Fe-C1-01 
I45 5 ( 2 )  Fe-C2-02 
98.1 ( 3 )  Fe-Ca-03 
98 O(3)  
95.3(3) 

106 3 ( 3 )  XI-N~-C~ 

83,6 ( 2 )  
69.0(3)  

138.0 (1) 
1 2 3 . 2  (5) 

83.1(2)  
68 .3 (2 )  

138.3 (1) 
122.8  (5) 

li9,4 (29) 
178.9(18) 
179.3 (35) 

H of Stewart, et aZ.,'* were used in all structure factor 
calculations. The 41'' and Af" values of Cromer" 
were employed in the correction of the calculated struc- 
ture factors20 for the anomalous scattering of the iron 
atoms. Programs utilized in this structural determina- 
tion included the cell refinement and diffractometer 
setting program  PICK^, the data-processing program 
PICKOUT, Hamilton's GONOS absorption correction pro- 
gram, the least-squares programs NUCLS and U C I L S ~  

(both based on the Busing-Martin-Levy program 
ORFLS) ~ modified versions of Zalkin's FORDAP Fourier 
summation program and the Busing-Martin-Levy func- 
tion and error program ORFFE, and Johnson's ORTEP 

plotting program. 

Description of the Structure 
The dimeric [CH3NFe(C0)3]2 molecule contains two 

Fe(C0)3 groups related by a crystallographic mirror 
plane a t  y = and doubly bridged through the nitro- 
gen atoms of the HeC-N-N-CH3 ligand. Though only 
C,-ni molecular symmetry is required, the configuration 
is very nearly one of C2,-2inrn syminetry. This sym- 
metry can clearly be seen it1 Figure I ,  a view doi~ri  the 

(IS) 11. F. Stewart, E. I<. Davidson, arid W. T. Simpson, J .  Cizetn. Phys. ,  

(19) D. T. Cromer, Acta C ~ y s t . ,  18, 17 (1965). 
(20)  J. A. Ibers and W. C. Hamilton, zb id . ,  17, 781 (1964). 

42, 3178 (1965). 

Figure 2.--hnother view uf the molecular structure of [CHBNFe- 
(C0)3l2, with selected bond lengths in Sngstroms. 

pseudo-twofold axis defined by the N1-Na and Fe-Fe 
midpoints. A second view of the molecular structure is 
shown in Figure 2. The results of this structural analy- 
sis agree with the formulation of Dekker and Knox6,21 
for [RNFe(C0)3]2 (R = C&, CH,) and thus provide 
the first confirmed example of a binuclear transition 
metal complex bridged by a 

RS--NR 
I 1  

group. If the bridging ligand is viewed in this manner 
as the methyl analog of the hydrazo radical, the com- 
pound might be named b-methazo-bis(tricarbony1iron) . 
The iron-iron distance of 2.496 (3) b and the configura- 
tion of the bridging system are consistent with the 
presence of an iron-iron bond, as proposed by Dekker 
and Knox. 

In Table VI selected structural features of the Fe?Ns 
tetrahedron in [CH3NFe(C0)3]2 are compared with the 
corresponding parameters of the related molecules 
[(CH3N)2CO]Fez(C0)6'4 (11) and /HJVFe(C0):,]2"' 
(111). In the former compound the two bridging nitro- 
gen atoms are not bonded to each other, but rather are 

I1 111 

linked by a seventh CO group to form a bridging di- 
methylureylene ligand, Iyhile the structure of the latter 
compound is one in which the bridging nitrogen atoms 
are not constrained by a direct bond or by a bridging 
group. The tabulated structural parameters are 
representative of those of a variety of closely related 
compounds.6s11, 1 2 , 1 4 , 2 2  Obvious structural effects of 
the N-?\T bond in [CH3NFe(C0)3]2 include the short 
N,-Nf distance of 1.366 (8) A,  the very acute N,-Fe--N:: 

(21) hi. llekker and G. R. Knox, Chem. Commzrn.. 1243 (1967). 
( 2 2 )  J. Piron, P. Piret, and XI .  Van XIeerssche, BzdL Sac. Cizim. Belrcs, 76, 

505 (1967); J .  A. J. Jarvis, B. E. Tob, B. 'f. Kilbourn, I<. H. B. blais, 1'. G. 
Owston, and P. F. Todd, C h e m .  Commurz., 1149 (1967). 
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bond angle of 42.7 (2)') and the (Fe-Nl-Fe')-(Fe- 
N2-Fe') dihedral angle of 58.3 (2)". In addition to 
these direct effects of the N-N bond in [CH3- 
NFe(C0)3]2, the dimensions of the two essentially 
identical Fe-N-Fe triangles vary considerably from 
their values in other N-bridged iron carbonyl com- 
plexes. The iron-iron distance of 2.496 (3) A is the 
longest reported length for an N-bridged Fe-Fe bond, 
the range of previously reported values being 2.372 
(2)6-2.488 (7) Iron-iron distances in the com- 
pounds most closely related to the present one-those 
with two Fe-N-Fe bridges-have previously ranged 
only from 2.372 (2) to 2.416 (3) if.22 The long iron- 
iron distance is reflected in the mean Fe-N-Fe angle of 
83.4 (l)', larger by ca. 9' than the typical values of 
74-75' which have been found consistently in previous 
N-bridged iron carbonyl dimers. Finally, the mean 
Fe-N bond length of 1.878 (3) A is 0.1 A shorter 
than comparable distances in closely related com- 
pounds. 2 3  

TABLE \'I 
COMPARISON OF STRUCTURAL PARAMETERS OF [CH3NFe( CO),] 2,  

[( CHsN)nCO]Fez( CO)6, AND [HzR'Fe( CO)r]z 
[(CHaNzCOI- 

[CHaNFe(CO)a12 Fez(COj6 [HzSFe(CO)slz 

Distance, A 
Fe-Fe 2.496 ( 3 )  2.391 (7) 2 .402(6)  
Fe-1: 1.878 (3p 1.97 ( l)a 1.98 ( l)Q 
N-Ts 1 ,366 (8) 2.10 (2)  2.50(3) 

Angle, deg 
Fe-N-Fe 83.4 (1)" 75.0 (2)" 74.4 ( 5 ) a  
K-Fe-N 4 2 . 7 ( 2 )  64.8 (5)" 77.8 (6). 
b 91 .1 (2 )  92 .2 (8 )  101.9 (8) 
C 58.3(2)  84.8 (10) 104.0 (10) 

u Mean value. Dihedral angle between the two Fe-N-N 
planes. Dihedral angle between the two Fe-Fe-N planes. 

The carbonyl groups have their expected configura- 
tions, with mean Fe-C and C-0 distances of 1.775 (4) 
and 1.143 (4) A, respectively. None of the Fe-C-0 
angles deviates significantly from linearity, and the 
individual Fe-C and C-0 bond lengths are equal within 
experimental error. Thus, even with the high degree 
of precision attained in this analysis, no structural 
differences are observed between the two stereochemi- 
cally distinct types of carbonyl groups. As expected, 
the two N-C bond lengths are identical; their mean 
value of 1.476 (6) A is typical for an N-C single bond. 

No abnormal intra- or intermolecular nonbonded 
contacts are observed. The shortest intermolecular 
contacts of various types include: 0. . . H ,  2.63 A; 
H . . . H ,  2.82 A ;  C . . . H ,  3.18 A ;  O . . . O ,  3.14 (1) A. 
The rms amplitudes of thermal vibration listed in Table 
I11 are qualitatively reasonable; their magnitudes are 
rather high in some cases. No attempt was made to 
correct the interatomic distances for thermal motion. 

Discussion 
The central portion of the [CH3NFe(CO)~I2 molecule 

resembles quite closely the MzCz tetrahedra in the 
(23) More detailed summaries of structural parameters of related com- 

pounds are given in ref 10  and 14. 

diphenylacetylene-bridged dimers ( C6H5CaCsH6) [ Co- 
(CO)3 ]224 and (CsHaCzCaHs) (NiCsH&. 25 In particular, 
the C-C distances and C-M-C angles of these two com- 
pounds differ by no more than 0.02 A and 2O, respec- 
tively, from the values observed in the present case. 
Slyz4 has outlined the two simplest models which might 
be advanced to describe the bonding of the bridging 
system in the ( C ~ H ~ C Z C B H ~ )  [co(Co),]z molecule. The 
first involves six-coordinate cobalt atoms u-bonded to  
tetrahedrally hybridized carbon atoms, while in the 
second an acetylenic C-C linkage is n-bonded to five- 
coordinate cobalt atoms. Though the "best" bonding 
description for a given compound will in general be be- 
tween these two extremes, it is nevertheless of interest 
to inquire which, if either, of these limiting models is in 
best accord with the observed structural parameters 
for a particular compound. The n-bonded model was 
chosen by Brown26 as the starting point of a molecular 
orbital calculation for the cobalt dimer; this choice was 
based primarily on the bridging C-C distance of 1.37 A 
which was considered to be inconsistent with the 
u-bonded model. For [CH3NFe(C0)3]z, on the other 
hand, the N-N distance of 1.37 A cannot be used in a 
similar manner to contradict a bonding description 
which incorporates six-coordinate iron atoms. A co- 
valent radius of 0.70 A is in best agreement with the 
bulk of the data on nitrogen single-bond lengths.27 
Bonds between two tetravalent nitrogen atoms are 
rather rare; in the N2Hs2+ cation, N-N distances of 
1.40-1.42 A have been r e p ~ r t e d . ~ ~ - ~ O  It hence appears 
plausible that under appropriate conditions an N-N 
bond of formal unit order might be as short as 1.37 A. 
Also, the Fe(CO)3 group has a configuration which does 
not differ materially from that found in a variety of 
other compounds in which six-coordination is un- 
ambiguous. We thus conclude that a model with dis- 
torted octahedral coordination about the iron atoms is 
a serviceable first approximation for description of the 
bonding in [ CHBNFe (CO) 3 12.  

These differences in Fe-Fe and Fe-N distances and 
Fe-N-Fe bridging angles in [CH3NFe(C0)3]2 and [Hz- 
NFe(C0)3]2 may be compared with the corresponding 
differences between the electronically and structurally 
analogous pair of compounds [SFe(C0)3]27 and [CzH6- 
SFe(C0)3]z.31 The values for these parameters in the 
S-bridged compounds (with the value for [SFe(CO)a]z 
listed first in each case) are: Fe-Fe = 2.552 (2), 
2.537 (10) A ;  mean Fe-S = 2.228 ( 2 ) ,  2.259 (7) A ;  
mean LFe-S-Fe = 69.9 (l), 68.3 (3)". In each case, 
the differences are in the same direction as for the 
N-bridged pair, but considerably smaller in magnitude. 

(24) W. G. Sly, J .  Am. C h e w  Soc., 81, 18 (1959) ,  and private communica- 

(25) 0. S. x.Iiils and B. W. Shaw, J .  Organomelal. Chem. (Amsterdam), 11, 

(26) U. A. Brown, J .  Chem. Phys., 33, 1037 (1960). 
(27) L. Pauling, "The Nature of the Chemical Bond," 3rd ed, Cornel1 

University Press, Ithaca, N .  Y . ,  1960, pp 221-230; F. A. Cotton and G. 
Wilkinson, "Advanced Inorgduic Chemistry," 2nd ed, Interscience Publish- 
ers, New York, N.  Y., 1966, p 106. 

tion. 

595 (1968). 

(28 )  M. L. Kronherg and D. Harker, J .  Chem. Phys . .  10, 309 (1942). 
(29) J. Donohue and W. N .  Lipscomb, i b i d . ,  16, 115 (1947). 
(30) I. Nitta, K .  Sakurai, and Y. Tomiie, Acta Crysl . ,  4, 289 (1951). 
(31) L. F. Dah1 and C. H. Wei, Inovg. Chem., 2, 328 (1963). 
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A correlation exists in the nitrogen- and sulfur-bridged 
iron carbonyls between the Fe-Fe and mean Fe-X 
(X = N, S) bond lengths, with a longer Fe-Fe bond 
associated with a shorter Fe-X bond. This relation- 
ship has previously been pointed for the sulfur- 
oridged compounds and is more clearly illustrated in 
the nitrogen-bridged series because of the larger bond 
length differences involved. 

The first question which must be asked in any at- 
tempt to understand the basis of the long Fe-Fe and 
short Fe-N bonds in [CH3NFe(C0)3 J 2  is whether these 
distances are simply a stereochemical consequence of 
the presence of the bond linking the two bridging nitrogen 

(32) H. P. Weber and R. F. Bryan, J .  Chem. Soc. ,  A ,  182 (1967). 

Inorganic Chemistry 

atoms or whether they stem from some other property 
of the bridging group. One possible approach to re- 
solving this question is through structural analyses of 
other compounds having the same basic bridging con- 
figuration but different bridging ligands. Such studies 
are now in progress, and further discussion of this point 
will be reserved until their completion. 
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The structure of chlorodicarbonylbis( triphenylphosphine)iridium( I)-benzene, IrC1( CO),( P( CfiHj)3)2 CsHfi, has been deter- 
mined from three-dimensional X-ray data collected by counter methods. The compound crystallizes with four formula 
units in space group Czh5-P21/c of the monoclinic system in a cell of dimensions a = 18.019 ( 4 )  8, b = 12.240 ( 4 )  8, c = 
18.237 (6)  8, and p = 102.51 (1)'. The measured density of 1.51 (1) g.'cm3 agrees well with the calculated value of 1.50 
gicm3. The coordination about iridium is that of a trig- 
onal bipyramid, with trans phosphines at the apices. Partial disorder among the chlorine atom and carbonyl groups in the 
equatorial plane precludes a precise determination of all features of the molecular structure. Nevertheless, the fact that  the 
coordination about iridium in this complex is very different from that  in the isoelectronic IrCl( CO)( S O ) (  P( CGH:)s)nf cation 
has been established. 

The benzene molecule is well separated from the iridium atom. 

The conventional R factor for the 1657 independent reflections above background is 0.093. 

Introduction 
We recently reported the preparation' and molecular 

structures2r3 of the compounds [IrX(CO) (NO) (P(C6- 
Hb)3)2][BF4], where X = C1 and I. Both compounds 
were prepared by reaction of NOBF4 with the parent d* 
complexes IrX(C0) (P(C6H5)3)2. In  these compounds 
the coordination about iridium is that  of a tetragonal 
pyramid, with trans phosphines, the halogen, and the 
carbonyl in the basal plane, and the nitrosyl group at 
the apex. The Ir-N-0 linkage is bent, with an 
Ir-N-0 angle of approximately 125'. These structure 
determinations represented the first well-authenticated 
cases of such a bent nitrosyl linkage in transition metal 
compounds. 

As CO is isoelectronic with N O  +, we thought i t  would 
be of interest to examine the structure of the compound 
formed by addition of CO to the parent molecule. The 
results of such an examination are reported here. 

Experimental Section 
Preparation of the Crystal.--\'aska4 has reported the prepara- 

tion and characterization of the complex IrCl(CO)Z(P(CsHs)a)z 

(1) D. J. Hodgson, S. C. Payne, J. .4. McGinnety, R. G. Pearson, and 

( 2 )  U. J. Hodgson and J. A. Ibers, Inoig.  Chem., 7, 2345 (1968). 
J. A. 1bers.J. Am. C h e m .  Soc. ,SO,  4486 (19681. 

and on the basis of infrared evidence (uco 1923, 1976 cm-') de- 
duced a trigonal-bipyramidal structure, with trans-triphenyl- 
phosphine groups. The observed bands were assigned to the 
normal modes of vibration expected for a planar IrCl(C0)z frag- 
ment, with CZv symmetry, and equivalent CO ligands. 

Crystals suitable for data collection were prepared by an atiap- 
tation of Traska's method. X deoxygenated, saturated solution 
of clilorocarbonylbis(triphenylphosphine)iridium(I) in benzene 
was prepared under dry nitrogen gas. Into the refluxing solu- 
tion a stream of carbon monoxide was passed for 10 min; then 
the solution was allowed to cool under an atmosphere of carbon 
monoxide. Pale yellow crystals were formed, a Xujol mull of 
which showed absorption bands attributable to V C O  a t  1975 and 
1975 cm-l. Elemental analysis suggested the presence of a 
benzene molecule of crystallization. Calcd for 1rCa.t- 

Found: C, 59.66; H ,  3.98. 
Collection and Reduction of the X-Ray Intensity Data.--Xn 

optical and X-ray analysis of the crystals showed nionoclinic 
symmetry, Laue group 2/m. The systematic absences observed 
on Weissenberg photographs of the layers izOZ through h2Z and 
on precession photographs of the layers Okl,  lkZ, hkO, and hkl are 
hOZ for 1 odd and Ok0 for k odd. These absences are consistent 
with space group c2h6-P21/C. The unit cell dimensions, as estab- 
lished from a least-squares refinement of the setting angles of 13 

H3fiOzP2Cl (I~C~(CO)~(P(CGH~)~)~.CBH~): c, 59.62; H, 4.09. 

(3) D. J. Hodgson and J. A. Ibers, ibid., 8 ,  1282 (1969). 
(4) L. Vaska, Science, 152, 769 (1966). 
( 5 )  Analyses were performed by Miss Hilda Beck of this department 


